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I, Earl Maynard ^ WELCH^a^citizen-of-the-- 
"United "States of America, c/o Mecco Film 
Laboratories, Inc., 630 Ninth Avenue, New 
York 36, New York, United States of America, 
do hereby declare the invention, for which 
I pray that a patent may be granted to me, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to photography and 
to the projection of pictures onto a screen, 
and more particularly to an optical system for 
cameras and projectors which provides a 
double image to permit the production an3 
projection of color pictures using standard 
black and white film and techniques, and to 
also permit the production and projection of 
films with a three dimensional effect, either in 
black and white or in color. 

The invention provides a simple attachment 
which is applicable for use in either motion 
picture or still picture photography and pro- 
jection and provides a s imultaneous side-by- 
side production of two images in black and 
white which can subsequently be reproduced 
as a single image either in black and white""o r 
in natural colors and either with or without 
a three dimensional effect by means of a pro- 
jector provided with a reconverting appara- 
tus. 

The techniques and processes for the manu- 
facture and processing of color film are quite 
complicated, with the result that the price of 
color film is very high and often beyond the 
economic means of the average photographer. 

While various optical systems are known for 
the production of color photographs using 
black and white film, most of the known 
systems do not utilize to the best advantage 
the available light when taking photographs. 
That is, most of the presently known optical 
systems for obtaining color pictures using 
black and white film obtain the necessary 
double image by forming one of the images by 
direct light transmission and forming the other 



image by-a- mirror - reflectionT In f sucrTsystems, 
a large percentage of the light transmitted by 
the lenses is wasted and the exposure must be 
correspondingly increased to obtain images of 
satisfactory intensity. 

It is known to provide an optical system 
for taking color photographs using black and 
white film, in which a prism assembly for 
splitting the image, in a camera, or for inte- 
grating or superimposing the split images, in 
a projector, it symmetrically positioned on 
either side of the optical axis of the lens 
systems of the camera or projector. The 
prism assembly required the use of at least 
six separate prism elements which were assem- 
bled into a unitary structure in such manner 
as to split the image produced by the lens 
system into two side-by-side identical images. 
These two separate images are subsequently 
passed through separate color filters, such as 
an orange-red filter and a blue-green filter, 
before striking the film which is being ex- 
posed. Two side-by-side images are formed on 
the film each image being modified in accor- 
dance with the filter through which the light 
rays forming the given image pass before 
reaching the film. The film containing the two 
side-by-side images is then subsequently run 
through a projector which is provided with 
a similar prism assembly and filter arrange- 
ment, which serve to integrate the split images, 
so that the two side images are ultimately 
superimposed to form a single resultant image 
in color. 

While the color photography and projec- 
tion apparatus described above performs very 
satisfactorily, it has the disadvantage that the 
image splitting prism assembly disclosed there- 
in is quite expensive to manufacture and sell 
since it requires at least six prism elements 
in its constructure which must be precisely 
matched and dimensioned. 

Accordingly, it is an object of this inven- 
tion to provide a camera or projector for the 
taking and projecting color photographs using 
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black and white film and the ordinary tech- 
niques of black and white photography. 

It is a still further object of this inven- 
tion to provide a conventional camera or pro- 
5 jector with an optical system for taking and 
projecting color photographs using ordinary 
black and white film which may be attached 
as a simple accessory. 

Another object of this invention is to pro- 
10 vide a photographic production and projection 
apparatus in which means are provided for ob- 
taining a three dimensional effect either in 
color or in black and white. 

In accordance with these objectives, this 
*5 invention provides a camera or projector hav- 
ing a conventional objective comprising an 
optical unit consisting of a prism unit posi- 
tioned in the camera or projector symmetri- 
cally with ^respect_tp _the_optical_axis_.of -the - 
- 20 -^objective, said prism unit when used in a 
camera including means for receiving a sub- 
stantial portion of the light rays passing 
through the objective of the camera, splitting 
them into two substantially equal halves and 
25 directing these halves side-by-side upon a light 
sensitive surface to form two identical images 
of the object at which the rays originate 
and when used in a projector positioned for 
receiving substantially all of the light pro- 
30 jected through two such images and com- 
bining these rays to form a single image, 
said prism unit consisting of two right trian- 
gular prisms having 30° and 60° complemen- 
tary angles and two equilateral triangular 
35 prisms forming two sub-assemblies each com- 
posed of a right triangular prism with a side 
. of an equilateral triangular prism joined to the 
30° apex end of the hypotenuse of the right 
triangular prism, so that a 120° angle is 
40 formed between the exposed portion, of the 
hypotenuse side and the adjacent equilateral 
side, said sides of the 120° being substan- 
tially equal, the end faces of said sub-assem- 
blies being parallel or substantially parallel 
45 and the sub-assemblies being joined on a line 
through the optical axis of the camera or pro- 
jector by bringing together their correspond- 
ing apexes at the ends of the 120° angle sides 
so that the touching apexes of the pair of 
50 equilateral triangular prisms and the touch- 
ing apexes of the pair of right triangular 
prisms are both substantially in line with the 
optical axis and in line with the lateral center 
of the film aperture, and the end faces at the 
55 opposite ends of the unit are coextensive 
and normal to said optical axis, the lateral 
width of the diamond-shaped area formed be- 
tween said sub-assemblies being substantially 
equal to the width of the film aperture and the 
60 outer surfaces of said right triangular prisms 
being reflecting surfaces equidistant from said 
1 optical axis, a flat opaque barrier in said 
optical unit axially aligned with said junctures 
of said apexes behind said prism unit, said 
65 barrier extending from the rear surface of said 



prism assembly to a point immediately in 
front of the shutter of the camera or projector 
to prevent overlapping of said identical images, 
the contacting apexes at the front and rear 
ends of the prism unit being so dimensioned as 70 
to deflect the optical axes of the sub-assem- 
blies to obtain aligned side-by-side separation 
of said images on the light-sensitive surface 
in the camera and to combine the rays from 
said images to form a single image in the 75 
projector. 

Means may be incorporated in the picture 
taking apparatus for causing the two images 
to be slightly dissimilar so that a three dimen- 
sional effect is provided when the two images 80 
are recombined and projected. In accordance 
with a further feature of the invention, means 

are provided in the projecting^ apparanjs_for 

-shifting -the - prism 'assembly^ with respect to 
the lens system of the projector in such man- 85 
ner as to obtain a displacement of the projec- 
ted images which also provides a three dimen- 
sional effect. In both cases, the two images 
should be viewed through isolating filters to 
obtain the three dimensional effect. 90 

The image splitting prism assembly is sym- 
metrically positioned with respect to the lens 
system so that substantially all of the light 
transmitted by the lenses strikes the image 
splitting device and is transmitted onto the 95 
film. Although this transmitted light is divi- 
ded into two equal parts by the image split- 
ting device, each part impinges upon an area 
of film equal to one-half that of an ordinary 
picture, so that the amount of light on each 100 
part is substantially the same as it would be 
for an ordinary picture taken in the ordinary 
way without the image splitting assembly of 
the invention. Furthermore, in accordance with 
this invention, there is no possibility of inter- 105 
ference between the divided beams of light 
which produce the two , images. The construc- 
tion of the camera or projector and its lens 
system is entirely unaffected by the addition 
of the optical system of the invention. No 110 
change is required in any feature of ordinary 
black and white photography, and the focal 
length of the standard lenses with which the 
camera or projector is provided remains prac- 
tically unchanged. In projection, the two 115 
images are brought into coincidence before 
passing through the projector lenses, so that 
no defects in superimposing one image upon 
the other is possible as the result of mis- 
matching or other inconsistencies in the pro- 120 
jector lenses. 

In using the image splitting device the 
size and position of the two images upon the 
film is maintained automatically regardless of 
the distance between the subject being photo- 125 
graphed and the camera. Likewise, in projec- 
tion, the two images are accurately superim- 
posed without any adjustment whatsoever, re- 
gardless of the distance of the screen from the 
projector, it being assumed, of course, both in 130 
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photography and in projecting that the normal 
camera or projector lenses are correctly focused 
in the usual manner by the usual lens focusing 
means. Lenses of varying focal lengths can be 

5 used without affecting the image splitting unit 
or its position. In short, the unit is simply in- 
stalled in the camera or projector and may 
then be forgotten insofar as subsequent opera- 
tion is concerned. 

10 By the use of this invention in photography, 
films of very uniform density are obtained re- 
gardless of variations in the actinic strength of 
the light. This is due to the fact that any 
normally used black and white negative 

15 material possesses many times the latitude of 
any dye saturated material. It therefore be- 
comes possible to vary exposures or condi- 
tions considerably either _over or under the _ 
optimum point and still obtain what is con- 

20 sidered a normal exposure. It has been proven 
by many actual experiments that photographs 
taken throughout the day from early morning 
to early evening with no change in lens aper- 
ture or exposure time p _or time or temperature 

25 of development, have 'densities so nearly the 
same that they are all so well within the. 
limits of correct exposure and color .value as. to 
be considered uniform for all practical pur- 
poses. This is of very great practical impor- 

30 tance in both motion picture and still photo- 
graphy since it eliminates the necessity of vary- 
ing the light in the printing machine and 
insures positives of substantially correct den- 
sity from one end of the roll to the other. 

35 Finally, when this invention is used in 
color projection, there is a partial overlapping 
of the light beams from the two images after 
they emerge from the prism assembly which 
causes a slight neutralization of each color, 

40 thereby producing on the screen an image with 
pastel shades which is very natural in appear- 
ance and which may be observed over long 
periods of time with a minimum of eye strain. 
Also, the brilliancy of the image on the screen 

45 is increased because of the selective disposition 
of white light resulting from this neutraliza- 
tion. Increasing the brilliancy of the image on 
the screen has been a long standing problem 
in the projection of pictures in colors by the 

50 additive process, which, before this invention, 
had not been satisfactorily solved. 

In order that the invention may be readily 
understood it will now be described with 
reference to the following description taken 

55 in connection with the accompanying drawings, 
in which : — 

Fig. 1 is a side elevation of a motion pic- 
ture camera provided with the optical system 
of the invention; 

60 Fig. 2 is a front elevation of the camera of 

Fig. 3 is a plan view, partially in section, or 
the optical components of the invention as 
mounted in the camera of Fig. 1; 
65 Fig. 3a is a schematic diagram showing the 



changes in orientation of the film image as 
provided by the various optical components of 
the optical assembly shown in Fig. 3; 

Fig. 4 is a view along section line 4 — 4 
of Fig. 3, showing the turret base plate of the 70 
camera of Fig. 1; 

Fig. 5 is a view in section along line 5 — 5 
of Fig. 3, showing the camera shutter and the 
intermittent mounting plate; 

Fig. 6 is a side elevation of a conventional 75 
motion picture projector embodying the opti- 
cal system of the invention; 

Fig. 7 is a front elevation of the projector 
of Fig. 6; 

Fig. 8 is a plan view showing diagramma- 80 
ticalry the paths followed by the various light 
rays from, the image to_ the film in photo- 
graphing and conversely from the film to the 
screen in projection when using the optical 
system in accordance with the invention; 85 

Fig. 9 is a simplified view similar to the 
view of Fig. 8 ; showing the path followed by 
a single point light, source; 

Fig. 10 is a plan view of the optical system 
of a projector designed to accomplish color 90 
projection from black and white film, and in- 
eluding an additional filter unit and mecha- 
nical . adjustment to secure the effect of a 
three dimensional quality, together with the 
aforementioned effect of selective natural color 95 
with black and white materials; 

Fig. 11 is an exploded plan view showing 
the components of the prism assembly; 

Fig. 11a is a side elevation of the exploded 
prism assembly of Fig. 11; 100 

Fig. 12 is a plan view of the prism com- 
ponents of Fig. 11 when assembled; 

Fig. 12a is a front elevation view of Fig. 
12 as seen on line 12a — 12a; 

Fig. 12b is a side elevation of Fig. 12 as 105 
seen on line 12b — 12b; 

Fig. 13 is a perspective view of the prism 
assembly showing in dotted outline the 45 
degree corner cuts made at the front of the 
prism assembly to prevent direct transmission 110 
of light through the prism assembly; 

Figs. 14(a) and (b) are diagrammatic illus- 
trations of the effect of reducing the light 
transmitting area of the prism assembly to 
correspond to the lateral width of the diamond- 115 
shaped hollow reflecting space within the prism 
assembly; 

Figs. 15 (a — f) are diagrammatic illustra- 
tions of the effect of using a barrier in front 
of the camera lens to provide dissimilar images 120 
for three dimensional effect; 

Fig. 16 (a — c) are diagrammatic illustra- 
tions of the effect of shifting the prism assem- 
bly with respect to the lens in a projector. 

Referring now to the drawings, and more 125 
particularly to Figs. 1 — 5, ^inclusive, the in- 
vention is shown as embodied in a standard 
motion picture camera generally indicated at 
20, which may be considered to be typical of 
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substantially any conventional motion picture 
camera. 

The camera 20 is provided with a lens tube 
22 in which is mounted a conventional lens 
5 system 24. In using the image splitting device 
of this invention to provide two images in the 
space ordinarily occupied by a single image on 
the film, the available space on the film is 
better utilized when the images are rotated 90 

10 degrees from the normal orientation of the 
single image on the film. That is, in motion 
picture photography, instead of having the 
vertical axis of the image extend along the 
vertical axis of the film, or along the direc- 

15 tion of film travel, the two images provided by 
the image splitting prism assembly are orien- 
ted with their vertical axes perpendicular to 
the direction of film travel. In order to provide 
this 90 degree rotation of the_ film images, a„ 

20 truncated dove prism 26 is provided as a 
component of the optical system, the prism 26 
being mounted in a tubular extension 28 which 
is snugly but rotatably fitted/into the front 
end of lens tube 22. 

25 The dove prism 26 is rotated 45 degrees 
with respect to the optical, axis of ■ the lens 
system to thereby provide a 90 degree rota- 
tion of the image being photographed in 
accordance with the well known optical pro- 

30 perties of prisms of this type. In addition to 
rotating the image 90 degrees, the dove prism 
26 also reverses the left-right orientation of 
the image. 

As will best be seen in Fig. 3, the lens 

35 system 24 is adjusted to critical focus in the 
well known manner by rotating focusing ring 
30, which is coaxially positioned around the 
lens barrel 22 and is secured to the threaded 
lens mount 32 by means of holding screws 34. 

40 Adjustment of the light limiting aperture 36 
is provided by rotation of iris ring 38 which is 
positioned around the outer surface of lens 
barrel 22, and which controls the motion of 
rotary linkage 40, which in turn controls the 

45 lens aperture. 

Immediately to the rear of the lens system 
24 is positioned a filter ring 50, which is 
rigidly attached to the rear end portion of 
the lens tube 22 by means of screws 52. 

50 The filter ring 50 securely holds two semi- 
circular filter glasses 54 and 56, each of which 
has one edge abutting an edge of the other 
along a line coinciding with the optical axis 
of the lens system 24 and also coinciding with 

55 the longitudinal axis of the image splitting 
prism assembly generally indicated at 60. One 
of the filters 54 or 56 is a red-orange filter, 
and the other of the filters is a blue-green 
filter. For purposes of description of the in- 

60 vention, it will be assumed that filter 54 is 
the red-orange filter while filter 56 is the 
blue-green filter. 

The image-splitting prism assembly 60 is 
positioned with an auxiliary tubular barrel 62, 

65 which is fitted into the end of the lens barrel 



22 immediately to the rear of the filter ring 
50, being retained in position within the lens 
barrel 22 by means of screw members 64. 

The image-splitting prism assembly gener- 
ally indicated at 60 is shown in detail in 70 
Figs. 11, 11a, 12, 12a, 12b and 13, and com- 
prises four separate prisms 66, 68, 70 and 72. 
Prisms 66 and 70 are right angle prisms, hav- 
ing two sides which are at 90 degrees with 
respect to each other and a hypotenuse which 75 
is at an angle of 60 degrees relative to one 
of the bases and at an angle of 30 degrees 
relative to the other of the bases. Prisms 68 
and 72 are identical equilateral prisms each 
having three base portions which are at exactly 80 
a 60 degree angle from the plane of each of 
the other base portions. 

As will best be seen by referring to Figs." 
-11, 11a, 12, 12a, 12b, and 13, the right 
angle prism 66 is provided with the sides 66a, 85 
and 66b, which are mutually perpendicular to 
each other, and with the hypotenuse 66c, 
which makes an angle of 60 degrees with res- 
pect to the side 66a and 30 degrees with 
respect to the side 66b. 90 

Similarly, the right angle prism 70 ' which 
is identical in size to the right angle prism 
66, is provided with sides 70a and 70* which * 
are mutually perpendicular, these sides being 
joined together by hypotenuse 70c, which 95 
makes an angle 30 degrees with respect to 
side 70b and 60 degrees with respect to side 
70a. The equilateral prism 68 is provided with 
three equal sides 68a, 68*, and 68c, which 
are each at an angle of 60 degrees with res- 100 
pect to each other. Similarly, the equilateral 
prism 72 is provided with equal sides 72a, 
72*, and 72c which are each at an angle of 
60 degrees with respect to each other. 

The prisms 66, 68, 70 and 72 are assem- 105 
bled with respect to each other in the manner 
best shown in Figs. 12 and 13. One side of 
the equilateral prism 68 is brought into opti- 
cal contact with the hypotenuse 66c of the 
right angle prism 66. Since all of the sides 110 
of the prism 68 are the same, any one of the 
sides of that prism may be used for this pur- 
pose and in the view shown in Fig. 11, it 
is assumed that side 68c is brought into opti- 
cal contact with the hypotenuse 66c of the 115 
right angle prism 66. 

Similarly, one of the sides of the equila- 
teral prism 72 is brought into optical contact 
with the hypotenuse 70c of the right angle prism 
70 in the manner shown in Fig. 12. It is assu- 120 
med for this purpose that side 72c of the 
prism 72 optically contacts the hypotenuse 
70c of the prism 70. The prism 68 is so 
positioned with respect to prism 66 that the 
60 degree apex defined between the sides 68a 125 
and 68c of prism 68 is contiguous to the 30 
degree apex defined between side 66b and 
hypotenuse 66c of the right angle prism 
66. 

Similarly, the prism 72 is so positioned with 130 
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respect to the prism 70 that the 60 degree 
apex defined between the sides 72a and 72c 
of the equilateral prism 72 is positioned con- 
tiguous to the 30 degree apex defined be- 

5 tween side 706 and hypontenuse portion 70c 
of the right angle prism 70. The two prism 
grounds 66 — 68 and 70 — 72 are each respec- 
tively fused or cemented together in accor- 
dance with any suitable method to provide two 

10 separate sub-assemblies. One sub-assembly 
consists of the right angle prism 66 joined to 
the equilateral prism 68, while the other sub- 
assembly consists of right angle prism 70 
joined to equilateral prism 72. The two 

15 separate sub-assemblies are then placed in 
juxtaposition as shown in Fig. 12 in such man- 
ner that the 60 degree apex of prism 66 is 
in contact with the 60 degree apex of prism 
70 and the apex defined by sides_68^and_ 

20 - 686 of prism-68 is~in~coritacTwith the apex 

defined by sides 72a and726 of prism 72. The 
sides 666 and 706 are parallel to each other 
and to the optical axis of the lens system. The 
sides 66a and 70a are in alignment with each 

25 other and are perpendicular to the sides 66b 
and 703 and are also perpendicular to the 
optical axis of the lens system. The sides 68a 
and 70a are in alignment with each other and 
perpendicular to the sides 66b and 70b and 

30 are also perpendicular to the optical axis of 
the lens system. The sides 68a and 72a are 
in alignment with each other and perpendicular 
to the sides 66b and 70b and to the optical 
axis of the lens system. The aligned sides 

35 66a — 70a are parallel to the aligned sides 
68a — 72a. 

As will best be seen in Fig. 12, when the 
prisms are assembled together in the manner 
just described, the side 686 of prism 68 

40 and the hypotenuse 66c of the prism 66 con- 
verge together toward fiat side 66b and meet 
in the exact longitudinal center of the com- 
posite unit. Similarly, the side 72b of the 
prism 72 and the hypotenuse 70c of the prism 

45 70 converge together toward the side 706 
and meet each other at the exact longitudinal 
center of the prism system. Each of the respec- 
tive portions 66c, 686, 70c, and 726 are in- 
clined at an angle of 30 degrees with respect 

50 to the optical axis. Sides 66c, 686, 70c, and 
726 define the boundaries of a diamond- 
shaped hollow portion symmetrically located 
within the prism assembly. 

The prism assembly 60 just described is 

55 a perfectly symmetrical hollow glass block as 
shown in Figures 12a and 13 having such 
balanced angles of transmission and reflection 
as to be a perfect optical flat which provides 
two separate and distinct optical light paths 

60 positioned symmetrically on either side of 
the optical axis of the lens system 24. 

The prism assembly 60 as shown in Fig. 3 
is positioned within the auxiliary tube 62 and 
is so oriented that the sides 68a and 72a are 

65 disposed toward the front of the optical system 



while the sides 66a and 70a are disposed to- 
ward the rear of the optical system. It will 
be understood, of course, that sides 68a and 
72a could just as well be positioned toward the 
rear of the optical system, with sides 66a and 70 
70c being disposed toward the front of the 
optical system. 

The prisms 66, 68, 70, and 72 comprising 
the prism assembly 60 can be easily assem- 
bled with the greatest accuracy and mounted 75 
permanently within a suitable holding block 
74 so that the arrangement and alignment of 
the prisms cannot possibly be disturbed. The 
holding block 74 is permanently and rigidly 
mounted within the auxiliary tube 62 and 80 
locked into position, so that the major axis 
of the hollow diamond-shaped' area between 

the prism sub-assembly 66—68, on the one 

hand, -and— the—prism sub-assembly"70 : --72, 
on the other hand, lies in exact alignment with 85 
the optical axis of the lens system 24, and 
so that the abutting edges of prisms 66 and 
70 (the edges of sides 66a and 70a*) on the 
one hand, and of prisms 68 and 72, (sides 68a 
and 72a*) on the other hand, extend in a 90 
vertical direction, or, in other words, in the 
direction of film travel where the prism assem- 
bly is being used in conjunction with a motion 
picture camera. When the prism assembly has 
been adjusted as just described, the entire 95 
prism assembly is securely held in position by 
means of the locking screws 64. 

It is important that the prism assembly be 
finally located and adjusted so that a point 
exactly at the center of the photographed 100 
object should appear at the exact center of 
each of the two images, that the center point 
of each image should lie on the horizontal 
center line of the film aperture, and that the 
center point of each image should be spaced 105 
equidistant between the sides of the film aper- 
ture and a line drawn vertically through the 
center of the film aperture. In order to accom- 
plish this centralizing of the two images, it is 
sometimes necessary to slightly adjust the 110 
position of two prism assemblies relative 
to each other, and to depart very slightly from 
a parallel relation between surfaces 666 and 
706. 

In order to prevent transmission of light 115 
through the light receiving surfaces 68a and 
72a directly to the respective rear surfaces 
66a and 70a, the front surfaces 68a and 
72a are preferably cut at a 45 degree angle, 
as indicated by the dotted lines 78 in Fig. 13. 120 
The cut portions are thereby opaqued so that 
the combined lateral width of the remaining 
light transmitting portions of the surfaces 68a 
and 72a is substantially equal to the lateral 
width of the hollow diamond-shaped area de- 125 
fined by surfaces 66c, 686, 70c, and 726. The 
effect of reducing the combined width of faces 
68a and 72a to substantially the lateral width 
of the diamond shaped hollow space may best 
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be understood by reference to the diagrams of 
Figs. 14 (a) and (b). 

By referring to Fig. 14 (a), which repre- 
sents the upper portion of the prism assembly 
5 of Fig. 12, it will be seen that if the outer 
corner portion of the front surfaces 68a and 
72a were not cut away and opaqued the total 
surface would transmit light. The portion a — a 
of surface 68a would transmit light due to 
10 subsequent reflection from surfaces 686, 66b, 
and 66c and thence to the area B — B. Also, the 
upper area D — D would transmit light directly, 
passing light from its source directly through 
the clear glass block and through the surface 
15 portion e — e. Therefore, the entire back sur- 
face portion 66a would be a transmission sur- 
face, half by reflection and half by direct 
transmission. 

By reference to Fig. 14 (b) which represents 

^0 t he sa me unit_in jwhich. the^upper -half-of-the- 
front surface has been ground away and opa- 
qued as indicated also by the dotted line 78 of 
Fig. 13, it will be seen that the ground and 
opaqued surface / — / prevents any light trans- 

25 mission through the portion of the block above 
the line a — B. Consequently, the entire shaded 
section, including the portion e — e of the 
rear surface of the prism sub-assembly be- 
comes entirely inoperative as far as the trans- 

30 mission of light is concerned. The only func- 
tion of this portion of the prism sub-assembly 
is to permit the reflected rays from forward 
surface 686 to reach the upper surface 66b 3 
and thence to pass by reflection to the rear 

35 surface 66c from whence it is reflected through 
rear surface area 66a. 

When the surfaces 68a and 72a are ground 
so that these two faces have a combined 
lateral width equal to the lateral width of the 

40 hollow area, then the rear surfaces 66a and 
70a will have a combined area double that of 
the front surfaces, and also double that of the 
film aperture. However, as previously ex- 
plained, since only one half of the area of 

45 the rear surfaces is effective insofar as light 
transmission is concerned, the front surfaces 
68a — 72a and the rear surfaces 66a — 70a will 
each have a light transmitting area substan- 
tially equal to the area of the film aperture. 

50 Due to the grinding of the front surfaces 
68a and 72a and the light blocking charac- 
teristics of reflective surfaces 6Sb and 72b> the 
prism assembly of the invention becomes a 
unit which is capable of substantially total 

55 transmission of light by reflection but which is 
incapable of direct light transmission. This is 
in contrast to the usual beam splitting device 
in which one image is obtained by direct 
transmission and the other image is obtained 

60 by reflection, requiring the use of extremely 
critical compensating blocks, and the use of 
semi-transparent mirrors which absorb 
approximately 50% of the transmitted light. 
Such systems also are unable to accomodate 

65 a lens aperture having a diameter which is 



larger than one half the horizontal width of 
the film aperture or larger than the vertical 
dimension of one image. 

From the foregoing discussion, the follow- 
ing rules may be derived: (1) the lateral width 
of the hollow area formed by sides 66c, 68b, 
70c, and 72b, which form four of the six 
reflection surfaces utilized by the prism assem- 
bly, must be substantially equal to the width 
of the film aperture. (2) the forward touching 
apexes of prisms 68 and 72 and the touching 
apexes of prisms 66 and 70 at the rear of the 
assembly must be substantially in line with 
the axis of the lens and in line with the 
lateral center of the film aperture. (3) the 
mirrored reflecting surfaces 66b and 706 must 
be equidistant from the axis of the lens and at 
a position whereby a light beam entering the 

transmission surf^ces^68o_and _72a^and_stpik- 

-ing— an~exactly" central point of reflective 
surfaces 6Sb and 72b must after reflection 
by surfaces 66b and 706 strike an exact cen- 
tral point of rear reflective surfaces 66c and 
70c and being reflected therefrom strike a 
point on the light sensitive material at exact 
central positions between the vertical center 
and the two sides of the film aperture. 

In practice, it has been found that surfaces 
66b and 70b must be at substantiallv the 
same distance from the lateral apexes of the 
hollow area that these same apexes are from 
the axis of the lens and of the prism assembly. 
In other words, the distance of the surfaces 
66b and 70b from the longitudinal axis of 
the lens and prism system must be twice as 
great as the distance of the lateral apexes of 
the hollow area from the same longitudinal 
axis. 

The optical transition of the image which 
is being photographed can best be seen in its 
over-all perspective by reference to Fig. 3a 
which is a schematic view of the entire optical 
system. Considering that the optical svstem 
shown in Fig. 3a is that of a camera, the 
light rays from the object being photographed 
at the right-hand side of the figure pass 
through the dove prism 26 which rotates the 
image through an angle of 90 degrees, as 
previously described. The image then passes 
through the lens system 24 which inverts the 
image. The light rays then pass through the 
color filters 54 and 56 so that the light rays 
impinging upon the face 68a of prism 68 
pass through the red-orange filter 54 while the 
light rays which impinge upon the face 72a 
of prism 72 pass through the blue-green filter 
56. The image then passes through the prism 
assembly 60 which divides the light rays into 
two separate and distinct paths, resulting in 
the two side by side images 11 and 12 shown 
at the left-hand side of Fig. 3a. These two 
images are turned so that the vertical axis 
of each respective image is at 90 degrees with 
respect to the path of film travel. 

The path followed by the light rays pass- 
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ing through the prism assembly 60 may best 
be seen by reference to Figs. 8 and 9- As is 
well known, light rays from any point of an 
object being photographed impinge upon and 

5 uniformly cover the front face of the lens 
system of the camera and then pass through 
the lens system and are focused by it to a point 
upon the film. Thus, as shown in Figs. 8 
and 9, a light ray A, B, or C originating at 

10 the subject 82 is distributed over the front 
face of the lens in the form of a light flux of 
equal diameter to the limiting aperture to 
which the lens is set at the time of taking the 
picture. The light flux passes through the lens 

15 systems 24 and leaves the lens system at an 
angle equal to the inclination necessary to 
reach a focus on the plane of the line ABC — 
A^_ojjlie jmage_S4 \yerejt_npt JnterceptecL. 
by the prism assembly 60. The light passes 

20 through the surfaces 6Sa and 72a and strikes 
surfaces 636 and 726. The light is reflected 
from surfaces 686 and 72 6, respectively, away 
from the optical axis at an angle equal to the 
angle of incidence to the mirrored surfaces 

25 66b and 70b, respectively. Surfaces 666 and 
706 again reflect the light at the same angle 
as the angle of incidence to the surfaces 66c 
and 70c, respectively. Surfaces 66c and 10c 
reflect the light outwardly through the light 

30 transmitting surfaces 66b and 706, the light 
being brought to a focus in . the film plane 
ABC — ABC. In the case of surfaces 686,. 
66c, 72b, and 70c, the light rays strike the . 
respective surfaces at an angle greater than 

35 that necessary to accomplish substantially total 
optical reflection, so that none of the light 
striking the surfaces just mentioned pass 
through those surfaces, but instead all of the 
light is reflected. In the case of the surfaces 

40 686 and 706, the angle of incidence of the 
light is such that some of the light might be 
transmitted outwardly through those surfaces 
were the surfaces not covered with a reflecting 
or mirror coating to prevent the loss of illu- 

45 mination. 

While it might be thought that the longer 
paths followed by the light rays in passing 
through the prism assembly 60 would shift 
the plane in which the rays are brought to a 

50 focus toward the lens system, it is found that 
the refractive index of the glass of the prism 
assembly in effect increase the focal length 
of the lens system sufficiently to compensate 
for the increased length of the light path 

55 through the prism assembly so that the light 
rays are brought to a focus in substantially 
the same plane as they would be if the prism 
assembly 60 were not being used. 

As will be seen in Figures 8 and 9, due 

60 to the passage of the light rays through the 
prism assembly in the manner just described, 
two images are formed, each identical with the 
subject 82, one image being formed by the 
light rays which pass through the prisms 66 

65 and 68, and the other being formed by the 



light rays which pass through the prisms 70 
and 72. All of the light rays from the sub- 
ject 82 which strike the prism assembly 60 
follow paths of exactly the same length, so that 
all light rays are brought to an exact focus 70 
upon the film or other light sensitive material 
by means of the conventional focusing adjust- 
ment incorporated within the lens system 24 
and without the use of elaborate and critical 
optical compensating flats or blocks needed in 75 
image splitting devices generally in use. 
Although only one half of the total light pass- 
ing through the lens system 24 is utilized to 
produce each image, each image covers only 
one half of the area normally utilized, so that 80 
the intensity of the light upon each half of 
the film is not materially diminished and no 

^material-increase— in~exposure- time-or-effec= 

tive aperture is required. 

Since none of the light rays entering the 85 
prism surfaces 68a and 72a can pass through 
the reflecting surfaces 66c, 686, 70c, and 726, 
the rays forming the two respective images 
cannot possibly overlap when they converge 
from surfaces 66a and 70a. However, since 90 ~ 
the rays must traverse a distance of approxi- 
mately one-half inch between the prism: assem- - 
bly 60 and the film in order to accomodate 
Lhe conventional circular rotary shutter 86 
and the aperture well 88, there is a tendency 95 
for the rays composing the extreme bottom of 
one image to impinge upon the area utilized 
for the extreme top of i{s companion image, 
and vice versa. Such overlapping of the top of 
one image with the bottom of the adjacent 100 
image tends to result in a partial neutraliza- 
tion of the color along the extreme top and 
bottom areas of the combined images. To pre- 
vent this from happening, it is advisable to 
insert into the aperture well a narrow opaque 105 
barrier 90 (Fig. 3) lying substantially in 
alignment with the optical axis. This barrier 
90 prevents any light rays from striking the 
film between the two images and prevents light 
rays from one image striking the opposite 110 
image area. 

In motion picture cameras equipped with a 
multiplicity of lenses, and consequently utiliz- 
ing a rotary turret 92, it is sometimes advis- 
able, although not absolutely necessary, to 115 
insert a second narrow opaque barrier 94 
within the turret mounting plate 96 for simi- 
lar reasons. The opaque barrier 94, as best will 
be seen in Fig. 3, should also be in align- 
ment with the optical axis. 120 

From Figures 8 and 9, it will be noted that 
rays of light from the subject 82 which im- 
pinge obliquely upon the lens system 24, 
such as, for example, the light rays from 
point A, are also projected obliquely by the 125 
lens system 24, so that more rays or a 
slightly greater quantity of light will pass 
through the prism units 70 and 72, on the 
opposite side of the optical axis from point 
A,* than will pass through the prism units 66 130 
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and 68 on the same side of the optical axis as 
point A. Therefore, the image at point A 
on one of the film images might be somewhat 
denser than the equivalent point A on the 

5 other image on the film. To substantially 
equalize the illumination of the film by the 
light from such more or less oblique points of 
the subject 82, it is advisable to interpose 
between the lens and the prism assembly 60 

10 a mask 96 which is positioned vertically ad- 
jacent the touching edges of prisms 68 and 
72. As will best be seen in Fig. 3, the mask 
96 may be positioned adjacent the filters 54 
and 56 in vertical alignment with the longi- 

15 tudinal axis of the lens system, or optical axis. 
Although the use of the mask member 96 
slightly reduces the total volume of light which 
reaches the film, this reduction is not serious 
and a^ s^bstan^aUy^^mica^^ 

Z0 corresponding parts of the two images is 
thereby assured. Also, in projecting in color, 
all risk of red discoloration in the sky area of 
the green image and of green discoloration 
in the foreground area of the red image is eli- 

25 minated. A mask 96 of the sort just described 
for substantially equalizing the light transmis- 
sion from an oblique point, such as point A 
of Fig. 8 will automatically equalize the ray 
transmission from the point C positioned at 

30 the same obliquity on the other side of the 
optical system, and will also equalize the light 
transmission of any other oblique rays be- 
tween these extreme points of the sub j ect 
and the center point B directly in line with 

35 the optical axis of the lens system 24. 

If it is desired to achieve a three dimen- 
sional effect when the pictures are projected, 
one way of obtaining such an effect is to posi- 
tion a barrier 98, as shown in dotted outline 

40 in Fig. 3, immediately in front of the lens 
system of the camera or between the front 
of the lens system and the rear portion of 
the dove prism. The barrier 98 in effect 
divides the lens into two perfectly matched 

45 components, which produce dissimilar images. 
These dissimilar images, when projected and 
viewed through isolating filters, such as polari- 
zing filters, produce a three dimensional effect 
on the viewer. 

50 The optical axis of each lens component is 
determined by the width of the barrier 98. 
The greater the width of the barrier 98, the 
greater the distance between the axes of the 
lens components produced by use of the bar- 

55 rier. The effect of the use of barrier 98 may 
best be understood by reference to the graphi- 
cal diagrams Figs. 15 (a) (b) (c) (d) (e) and 
(f). Fig. 15a illustrates the axis of the lens 
system, viewed in front elevation, when a 

60 barrier 98 is not used. In this case, the lens 
axis L passes through the center of the lens. 
As will be seen in Fig. 15b, the use of barrier 
98 causes the lens to be divided into two 
components having displaced axes L 1 and L 11 . 

65 As will be seen in Fig. 15c, a lens without 



a barrier looks at two aligned objects £ and 
F from a single viewpoint, so that object F, 
farthest from the lens, is hidden behind object 
E. Fig. 15d illustrates the effect of the use of 
the barrier 98, when looking at the same two 70 
objects. The portions of the lens on either side 
of the barrier 98 look at the objects E and 
F from two different viewpoints. One side of 
the lens sees the objects as shown in Fig. 
15e, while the other portion of the lens sees 75 
the objects as seen in Fig. 15f. Each of the 
respective images shown in Figs. 15e and 15f 
is transmitted by one half of the prism assem- 
bly and the two images received upon the 
sensitized film are dissimilar as shown by 80 
the change in position of B and W in the 
figures. These images, when subsequently pro- 
jected produce a three dimensional effect when 

-viewed-through-isolating filtersrsucrras pblari- 
zing filters. 85 

To project a film of the character described 
onto a screen where the image splitting prism 
assembly has been used in conjunction with 
the taking of motion -pictures, all that is re- 
quired is a standard motion picture projector 90 

.such as that generally indicated at .100 in. Fig. 
6, equipped with a: standard projection lens 
system 102, Fig. 10, to which has been added 
the prism assembly generally indicated at 60 l , 
which is substantially identical to the prism 95 
assembly 60 described in connection with the 
picture taking apparatus but which now serves 
the purpose of recombining the two images on 
the film into a single image for projection 
onto a screen. 100 

The prism assembly 60 1 comprises the four 
prisms 66 l , 68 1 , 70 l , and 72 1 , which are sub- 
stantially identical to the prisms 66, 68, 70 
and 72 previously described. The light rays 
from the respective film images pass through 105 
the one or the other of the color filters 54 1 
and 56 1 which are positioned adjacent the 
back side of the prism assembly, or the side 
directed toward the film. A dove prism 26 1 
exactly similar to that previously described in 110 
connection with the camera assembly is posi- 
tioned at the outer or front end of the lens 
assembly and is positioned at a 45 degree angle 
with respect to the optical axis of the lens 
and prism system in order to rotate the pro- 115 
jected image by 90 degrees to compensate 
for the 90 degree rotation provided during the 
picture taking process. The prism 26 l is 
located in a tubular extension 28 1 rotatably 
fitted into the outer end of the lens tube 22 1 . 120 
A barrier 90 l may be provided between the 
film and the color filters 54 1 and 56 l to 
prevent overlapping of the light rays from the 
top of one image and the bottom of the adja- 
cent image, as previously explained in con- 125 
nection with barrier 90 used in the picture 
taking apparatus. 

The sequence of events which produce a 
superposed image in color on a screen when 
the picture is projected is the exact reverse 130 
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of that previously described in connection 
with the taking of the picture by means of 
a camera. That is, light from the projector 
light source shines through the film, the light 

5 from the film image on one side of the film 
passing through color filter 54 l and through 
the prisms 66 l and 68 1 , the light from the 
other half of the film passing through the 
color filter 56 1 and the prisms 70 l and 72\ 

10 The two images become superimposed between 
the front surfaces 68a 1 and 72a 1 of the prism 
assembly and the rear surface of the lens 
system 102 so that no errors in superimposi- 
tion of the images can occur from any pecu- 

15 liarities or errors of the lens system. As will 
be explained later in more detail, the images 
may also be passed through polarizing filters 
where three dimensional effect is desired, 

either , in— black- and— white— or -in- color. — If- 

20 black and white pictures are desired, the color 
filters are, of course, not used in projection. 

The manner in which the prism assembly 
60 l of the projector 100 converts the two 
images on the film into a superimposed image 

25 on the screen, as just described, will best be 
understood by reference to Fig. 9 by tracing 
the light rays in a reverse direction to that 
described in connection with the picture tak- 
ing process, or, in other words, from film 

30 ABC — ABC to the subject 82, which, for 
this purpose, may be considered to be the 
screen. 

The dove prism 26 1 rotates the superim- 
posed image 90 degrees and also reverses the 

35 image (left-right orientation) to thereby restore 
the image to its normal upright position and 
to the same left-hand orientation as that of 
the subject photographed. 

A further feature of the projection system 

40 shown in Fig. 10 is the provision of an 
arrangement for displacing the two images to 
provide a three dimensional effect when viewed 
through isolating filters such as polarizing 
glasses. An auxiliary tube 106 is rigidly atta- 

45 ched either permanently or by means of suit- 
able holding screws to the mounting block 74 l 
for the prism assembly 60\ By means of the 
rigid connection between prism assembly 60 l 
and the auxiliary tube 106, the prism assem- 

50 bly 60 l may be shifted axially along the 
optical axis of the lens system. Infinitesimal 
displacement of the prism assembly 60 l from 
the exact point of perfect superimposure of 
the two images on the screen will result in a 

55 considerable displacement of the two projec- 
ted images which will contribute toward a 
three dimensional effect. This displacement is 
caused by alteration of the angle of the pro- 
jected light beams as they emerge from the 

60 prism assembly 60 l , thereby affecting the angle 
at which the light beams emerging from the 
prism assembly are received by the lens 
system 102. When the prism assembly 60 1 has 
been shifted sufficiently to cause the desired 

65 displacement between the projected images, 



the auxiliary tube 106 and the prism assem- 
bly 60 1 may be rigidly locked in position by 
locking screws 108. 

The effect produced by axially shifting the 
prism assembly 60 l with respect to the lens 70 
system of the projector may best be under- 
stood by reference to the graphical diagrams 
of Figs. 16 (a), (b) and (c). In all projectors, 
the collecting area of the lens surface is con- 
siderably greater than the area of the film 75 
aperture. As a result, there is considerable 
inclination of the light rays outward from the 
film aperture to the lens surface, as shown 
in Fig. 16a. 

Consider now that a wedge prism is placed 80 
in the path of the rays as shown in Fig. 16b 
and moved along the axis from the aperture 

toward the lens from the_ full _line_po_sition„to 

the - dotted~positionT It will be seen that the 
rays strike the prism nearer the apex of the 85 
prism when the prism is in the full line posi- 
tion nearest the aperture, and that as the 
wedge prism is moved to the dotted position 
nearer the lens, the diverging rays strike the 
surfaces of the prism at points further away 90 
from the apex. 

Referring now to Fig. 16c, which shows a 
diamond-shaped reflecting wedge similar in 
shape to the hollow area defined by surfaces 
66c\ 6Sb\ 70c 1 and 72b\ it will be seen 95 
that movement of the wedge along the axis 
alters the position at which the inclined rays 
strike the rear reflecting surfaces 66c 1 and 
70c 1 , and also alters the position at which the 
reflected rays strike the secondary reflecting 100 
surfaces 66b l and 70b\ as well as the posi- 
tion at which the reflected rays strike the 
forward reflecting surfaces 6Sb l and 72& 1 , and 
the angle at which the rays are thence re- 
flected through the lens and onto the viewing 105 
screen. The images are either combined at 
the point of focus of the reflected rays or 
separated at the point of focus depending 
upon the relative position of the prism assem- 
bly with respect to the lens. 110 

Once the axial position of the prism assem- 
bly has been adjusted with respect to the lens, 
either to have the two images in exact regis- 
tration, or have to the images displaced for 
the three dimensional effect, the pre-set adjust- 115 
ment remains fixed for the given desired effect 
regardless of the distance between projector 
and screen. 

When the three dimensional effect is de- 
sired, and the images have been offset by i20 
either use of the barrier 98 in the camera, or 
by displacing the prism assembly in the pro- 
jector with respect to the projector lens, it is 
still necessary to project and view the images 
through isolating filters, such as polarizing 125 
filters. For this purpose, polarizing filters 110 
and 112 are positioned in the path of the light 
rays as they leave the prism assembly 60 l . 
The filters 110 and 112 should be polarized 
at 90 degrees with respect to each other, as is 130 
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well known in the art. One edge of each of 
the polarizing filters 110 and 112 should abut 
one edge of the other filter in exact vertical 
alignment with the vertical image dividing line, 
5 which also coincides with the abutting edges 
of prisms 68 l and 72 l and with the optical 
axis. The image projected onto a viewing 
screen as a result of using the polarizing filters 
is unrecognizable unless viewed through simi- 
10 larly polarized viewing glasses. However, when 
viewed through such glasses, the projected 
image is not only in color but has a distinct 
relief, or three dimensional quality. 

It can be seen from" the foregoing that 
15 there is provided in accordance with this in- 
vention an apparatus which permits the tak- 
ing and projection of color pictures using 
standard black and white film and the methods 
of black and white photography. The appara- 

20 tus_of_the^invention-by--means of-which"this 

is accomplished is simple in construction and 
inexpensive to manufacture, and can be in- 
stalled as a simple attachment on a conven- 
tional motion picture or still camera. 
25 When the apparatus of the invention is used 
in either motion picture or still photography, 
the ordinary techniques and methods of black 
and white picture production can be followed 
throughout, and staining or dyeing of the film 
30 before projection is eliminated. In conse- 
quence, the present high cost of taking photo- 
graphs and preparing them for projection in 
color is reduced to substantially the cost of 
ordinary black and white pictures. 
35 The prism assembly of the invention utilizes 
the available light to best advantage, and pro- 
vides the same density of illumination for each 
of the two images resulting from the image 
splitting operation as would normally be pro- 
40 vided in a single image having twice the 
area of the split image. 

Also, the prism assembly of the invention 
when used in projecting can be adjusted to 
provide a displacement between the projected 
45 images which provides a three dimensional 
effect when projected and viewed through 
polarizing filters. 

The apparatus of the invention may also be 
used for projecting black and white pictures 
50 with or without the three dimensional effect 
by the simple expedient of removing the color 
filters before projecting. 

Color pictures photographed and projected 
by the use of this invention appear softer to 
55 the eye and more natural than those from dyed 
films, even though in the latter the natural 
colors have been reproduced with the greatest 
of spectroscopic accuracy. The pleasing, soft 
character of the colors produced on the screen 
60 using this invention are a result of the fact 
that in projection there is a slight interming- 
ling and blending of the rays from the orange- 
red and blue-green halves of the image, and to 
the fact that the aforementioned colors are 
65 being superimposed upon the neutral tones 



inherent in black and white projection, so that 
the vividness of the various resulting colors 
is slightly neutralized and made softer. Motion 
pictures made and projected with the aid of 
this invention, because of the softness of color \ 
and the accuracy with which the images are 
superimposed, can be observed without notice- 
able eye strain over much longer periods than 
can the usual color photographs using dyed 
film. 

WHAT I CLAIM IS: — 

1. A camera or projector having a conven- 
tional objective comprising an optical unit 
consisting of a prism unit positioned in the 
camera or projector symmetrically with res- I 
pect to the optical axis of the objective, said 
prism unit when used in a camera including 
means for receiving a substantial portion of 
the Jight rays pa«ingjthrough„the_objective-of^— 
"the camera, splitting them into two subs tan- I 
tially equal halves and directing these halves 
side-by-side upon a light sensitive surface to 
form two identical images of the object at 
which the rays originate and when used in a 
projector positioned for receiving substantially c 
all of the light projected through two such 
images and combining these rays to form a 
single image, said prism unit consisting of two 
right triangular prisms having 30 3 and 60.° 
complementary angles and two equilateral tri- < 
angular prisms forming two sub-assemblies 
each composed of a right triangular prism 
with a side of an equilateral triangular prism 
joined to the 30° apex end of the~hypotenuse 
of the right triangular prism, so that a 120° 1» 
angle is formed between the exposed portion 
of the hypotenuse side and the adjacent equi- 
lateral side, said sides of the 120° being 
substantially equal, the end faces of said sub- 
assemblies being parallel or substantially paral- \\ 
lei and the sub-assemblies being joined on a 
line through the optical axis of the camera or 
projector by bringing together their corres- 
ponding apexes at the ends of the 120° angle 
sides so that the touching apexes of the pair of 1 
equilateral triangular prisms and the touching 
apexes of the pair of right triangular prisms 
are both substantially in line with the optical 
axis and in line with the lateral center of the 
film aperture, and the end faces at the oppo- l; 
site ends of the unit are coextensive and nor- 
mal to said optical axis, the lateral width of 
the diamond-shaped area formed between said 
sub-assemblies being substantially equal to the 
width of the film aperture and the outer sur- L 
faces of said right triangular prisms being 
reflecting surfaces equidistant from said opti- 
cal axis, a flat opaque barrier in said optical 
unit axially aligned with said junctures of said 
apexes behind said prism unit, said barrier \\ 
extending from the rear surfaces of said prism 
assembly to a point immediately in front of 
the shutter of the camera or projector to pre- 
vent overlapping of said identical images, the 
contacting apexes at the front and rear ends 12 
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of the prism unit being so dimensioned as to 
deflect the optical axes of the sub-assemblies 
to obtain aligned side-by-side separation of 
said images on the light-sensitive surface in 
the camera and to combine the rays from said 
images to form a single image in the projec- 
tor. 

2. A camera or a projector having an opti- 



cal unit substantially as described and as 
shown in the accompanying drawings. 10 
For the Applicant: 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
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